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The Endoscopic Endonasal Approach
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The Role of the Eustachian Tube as a Landmark for Dissection
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Kibwei A. McKinney, MD; Cristine Klatt-Cromwell, MD; Adam M. Zanation, MD
IMPORTANCE Improvements in endoscopic technology and reconstructive techniques have
made the endoscopic endonasal approach (EEA) a viable option to approach ventromedial
lesions in the region of the hypoglossal canal. Prior to contemplating this surgical corridor, a
thorough understanding of anatomic relationships and landmarks is essential to safely
approach this region of the posterior skull base through an EEA.
OBJECTIVE To describe the surgical technique and anatomic landmarks in the EEA to the
hypoglossal canal through referencing nasopharyngeal and posterior skull base anatomy.
DESIGN, SETTING, AND PARTICIPANTS Study of latex-injected cadaveric heads at the North
Carolina Eye Bank Multidisciplinary Surgical Skills Laboratory at the University of North
Carolina.
INTERVENTIONS An EEA to the hypoglossal canal was carried out bilaterally in 5 embalmed,
latex-injected cadaver heads.
MAIN OUTCOMES AND MEASURES Cadaveric measurements of anatomic landmarks and
relationships in the approach were obtained using a 10-cm surgical ruler and were reported as
mean distances. Additionally, high-quality endoscopic images demonstrating the operative
technique and anatomic relationships were obtained.
RESULTS The distance between the lacerum segment of the internal carotid arteries, the
superolateral boundary, was 23.6 mm (SD, 11.8 mm). The distance between the anterolateral
edge of the occipital condyles, the inferolateral boundary, was 19 mm (SD, 0.80 mm). The
supracondylar groove was identified in the same anteroposterior plane as the
nasopharyngeal orifice of the eustachian tube, and the anterior-most edge of the occipital
condyle was 14 mm (SD, 0.82 mm) from the posterosuperior edge of the salpingopharyngeal
fold. Additionally, the transtubercular corridor was on the same plane as the superior edge of
the torus tubarius in the anteroposterior axis. The distance to the hypoglossal canal from
midline was 10 mm, which was found after completing drilling in the transcondylar and
transtubercular corridors. Last, the hypoglossal nerve rootlets were identified entering the
canal 6 mm inferiorly and 8 mm laterally from the vertebrobasilar junction.
CONCLUSIONS AND RELEVANCE The eustachian tube and other elements of nasopharyngeal
anatomy are fixed landmarks that provide important points of reference when approaching
the hypoglossal canal through an EEA. A thorough understanding of these anatomic
relationships is vital in safely navigating this direct, surgical corridor to the posterior fossa.
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T he hypoglossal canals are paired channels in the occipi-tal bone that transmit cranial nerve (CN). The intracra-nial, intradural orifice of the hypoglossal canal is lo-
cated on the medial surface of the occipital condyle, with the
extracranial orifice opening into the parapharyngeal space on
the lateral surface of the occipital condyle.1-3 Lesions involv-
ing the hypoglossal canal are rare but can include schwanno-
mas, clival chordomas, petroclival meningiomas, jugulotym-
panic paragangliomas, or metastases.1,4 Transcranial approaches
have been the standard operative approaches in managing these
lesions, including the modified Fisch type A infratemporal fossa
approach, the supracondylar approach, the extended postero-
lateral approach, the far-lateral approach (with transcondylar
and/or transtubercular extensions), and the transjugular
craniotomy.4-9 However, when a lesion involving the hypoglos-
sal canal is located on the ventral surface of the brainstem or in
the anterior aspect of the lower clivus, access to these tumors
through traditional approaches can often result in manipula-
tion of the lower cranial nerves, vascular structures, and the
brainstem. This can be associated with high clinical morbidity
and complications such as CNs X and XI palsies.10,11 Benet et al12
divided the surfaces of the brainstem into the ventromedial and
dorsolateral compartments, which were defined as the spaces
anterior and posterior to CNs VII through XII, respectively. Al-
though the lateral, transcranial approaches are the primary ac-
cepted surgical options in approaching lesions in the dorsolat-
eral compartment, there is no standard method for approaching
lesions of the ventromedial compartment.13-15
With continued improvements in endoscopic technolo-
gies and reconstructive techniques, the expanded role of en-
doscopic endonasal approaches (EEAs) has changed the op-
erative paradigm in managing tumors of the middle and
posterior skull base.11,16-18 In 2010, Morera et al19 first de-
scribed the far-medial EEA to the inferior third of the clivus,
with lateral extension via the transcondylar and transtuber-
cular approach to the hypoglossal canal. In this cadaveric study,
an approach to the hypoglossal canal through a lateral exten-
sion of the inferior endoscopic endonasal transclival ap-
proach was described.19 Of note, they described the supracon-
dylar groove, an area on the superior surface of the occipital
condyle formed by the insertion of the rectus capitus anterior
muscle, anterior atlantooccipital membrane, and atlantooc-
cipital capsule joint. This groove was proposed as a reliable ana-
tomic landmark for estimating the position of the hypoglos-
sal canal and its external opening, which is immediately
posterior and lateral to the groove, respectively.19 Since the su-
pracondylar groove was identified and proposed as a reliable
anatomic landmark, this approach to the inferior clival re-
gion and hypoglossal canal has been anatomically studied in
a comparative analysis of the far-medial EEA and far-lateral
transcranial, transcondylar approaches to the inferolateral
clival region and craniovertebral junction, which confirmed
initial reports that the far-medial endoscopic approach is an
ideal operative technique for lesions ventromedial to the
brainstem.12 Additionally, the EEA approach to the inferior
clival region has been successfully described in vivo in the man-
agement of a chordoma involving the inferior clivus, occipi-
tal condyle, and jugular tubercle.12,20 However, given the nov-
elty of this approach, the nuances of the operative corridor and
surgical landmarks continue to be refined and characterized.
In this study, we postulated that sinonasal and nasopha-
ryngeal anatomy could act as useful reference points in the en-
doscopic endonasal and far-medial approaches to the poste-
rior skull base and craniovertebral junction. Through cadaveric
dissection, we sought to further define the endoscopic endo-
nasal approach to the hypoglossal canal while referencing na-
sopharyngeal and posterior skull base anatomy. We hypoth-
esized that by using more anterior structures in this surgical
window, such as the eustachian tube, consistent landmarks
could be identified with successive progression posteriorly to





Five latex-injected cadaver heads were obtained for the ana-
tomical study, which was conducted in the North Carolina Eye
Bank Multidisciplinary Surgical Skills Laboratory at the Uni-
versity of North Carolina. Endoscopic, endonasal dissections
were carried out using 0° and 45° rigid rod–lens endoscopes
(Stryker Corp), which were connected to an LED light source
and a high-definition endoscopic camera (Stryker Corp). En-
doscopic sinonasal and skull base surgical instruments
(Medtronic), high-speed 3.0- and 4.0-mm diamond and cut-
ting burrs (Stryker Corp), and a suction microdebrider (Stryker
Corp) were used for the cadaver dissection. Cadaveric mea-
surements were obtained using a 10-cm surgical ruler.
The University of North Carolina institutional review board
approved this study.
Exposure in the EEA to the Middle and Inferior Clivus
Exposure consistent with standard EEAs was obtained in the
sinonasal cavity to allow for a bimanual dissection, which has
been well described.16,21-25 Bilateral dissection to the hypo-
glossal canal was performed in each of the 5 heads. First, the
endoscope was advanced into the right nasal passage, imme-
diately visualizing the right inferior and middle turbinates and
nasal septum. The right middle turbinate was resected using
turbinate scissors to increase instrument maneuverability.
Next, to increase lateral exposure, a routine uncinectomy and
ethmoid bullectomy were performed, which allowed visual-
ization of the natural ostium of the maxillary sinus. Next, a
complete anterior and posterior ethmoidectomy was per-
formed, with wide exposure of the ethmoid roof and lamina
papyracea. The sphenoid ostium was then identified on the
right side, and a wide sphenoidotomy was performed. The en-
doscope was then advanced into the left nasal passage where
the same steps were performed. The posterior septum was then
disarticulated from the rostrum of the sphenoid bone, and the
posterior 2 cm of the nasal septum was resected down to the
hard palate. At this point, a wide surgical corridor was cre-
ated, facilitating bilateral instrumentation via the 2- surgeon,
4-handed technique for the remainder of the dissection.26
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Next, attention was turned toward identification of the bi-
lateral paraclival and lacerum segments of the internal carotid
artery (ICA), as the lacerum ICA represents the superolateral limit
of the EEA to the hypoglossal canal.19,27 First, the vidian nerve
was located, since it is a known landmark for locating the pe-
trous ICA and lacerum ICA.28 The vidian canal was identified
by locating the intersection of the inferior and lateral walls of
the sphenoid sinus with the medial pterygoid plate. The me-
dial pterygoid plate leads to the pterygoid wedge, in which the
vidian canal is centrally located.28 The bone inferomedial to the
vidian canal was then drilled bilaterally. This bone protects the
vidian nerve and allows for safe exposure of the lacerum por-
tion of the ICA. The paraclival segments of the ICA were also skel-
etonized to verify their location and prevent inadvertent in-
jury. After achieving exposure of the superolateral boundaries
of the approach to the hypoglossal canal, attention was turned
to dissection of the posterior nasopharynx and inferior clivus.
With the lacerum segments of the ICA exposed, the re-
mainder of the inferior wall of the sphenoid sinus was drilled
back until it was flush with the clivus. A midline incision was
made in the nasopharyngeal mucosa and musculature, which
was resected or reflected laterally, exposing the pharyngobasi-
lar fascia while avoiding injury to the eustachian tubes later-
ally (Figure 1). The pharyngobasilar fascia was resected from
its attachments to the inferior clivus, revealing the longus ca-
pitus, rectus capitus anterior, and the atlantooccipital mem-
brane, which were all resected or reflected laterally (Figure 1).
Now, the anterior ring of C1, atlantooccipital joint capsules, and
alar ligament are visualized (Figure 2). From the level of the
lacerum segments of the ICA, the inferior clivus, medial to these
structures, was drilled down using a 4.0-mm diamond burr un-
til clival dura was exposed, ensuring not to violate the dural
plane (Figure 2).
Approach to the Hypoglossal Canal Through Referencing
the Eustachian Tube
At this point, the inferior clivus, foramen magnum, and atlan-
tooccipital joint capsule were exposed. To better identify bony
landmarks, the suction microdebrider (Stryker Corp) was used
to remove excess soft tissue and open the atlantooccipital joint
capsule bilaterally. The supracondylar groove was identified
bilaterally based on descriptions provided by Morera et al19
(Figure 2). Next, the transtubercular compartment in the jugu-
lar tubercle was identified as laying in the same plane as the
superior edge of the torus tubarius in the anteroposterior axis
(Figure 3). Last, the transcondylar compartment was identi-
fied based on the ventral surface of the occipital condyle. With
clear anatomic boundaries of these compartments, the transtu-
bercular compartment followed by the transcondylar com-
partment was drilled using a 4.0-mm diamond burr (Stryker
Corp). Both compartments were drilled in a posterior to ante-
rior direction to minimize the risk of slipping into the neuro-
vascular plane immediately posterior to these compartments
(Figure 4). The hypoglossal canal and its external opening were
visualized from a superior and inferior aspect once the drill-
ing was complete (Figure 4).
Intradural Exploration of Vertebrobasilar Anatomy
and the Hypoglossal Nerve
The dissection proceeded posteriorly to reveal the retro-
clival, intradural anatomy of the vertebrobasilar system, and
the lower cranial nerves. An incision was made in a posterior
to anterior direction in the inferior clival dura, which was sub-
sequently opened, revealing the vertebral arteries, vertebro-
basilar junction (VBJ), basilar artery, and lower cranial nerves.
Clival dura was resected using Kerrison rongeurs. The intra-
dural component of the hypoglossal nerve rootlets was iden-
Figure 1. Nasopharyngeal Dissection to the Craniovertebral Junction
Midline endoscopic image of nasopharynx 
preincision and dissection
A Midline endoscopic image of dissected nasopharyngeal





















Photographs A and B show the
dissection of nasopharyngeal and
prevertebral fascia and musculature
in approaching the inferior clival
region and craniovertebral junction.
SF indicates salpingopharyngeal fold;
RF, Rosenmüller’s fossa;
ET, eustachian tube; TT, torus
tubarius; PB, pharyngobasilar fascia.
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tified arising from the preolivary sulcus and passing behind
the vertebral artery then entering the hypoglossal canal
(Figure 4). The bilateral abducens nerves were identified aris-
ing from the pontomedullary junction and traveling anteri-
orly to pierce dura and enter the Dorello canal. Using a 45° na-
sal endoscope, visualization of the lateral borders of the
premedullary cistern was obtained and CN IX, X, and XI were
identified traveling into the jugular foramen.
Results
Understanding the Limits of Exposure in the EEA
to the Middle and Inferior Clivus
Initially, we created a trapezoidal surgical window that was
wider superiorly and narrower inferiorly (Figure 3). Defining the
superolateral border of the approach, the mean distance be-
Figure 3. Surgical Window and Anatomic Landmarks
Endoscopic image of trapezoidal surgical windowA Endoscopic image (45˚) of relationships between




















A, Endoscopic image demonstrating
the trapezoidal surgical window and
critical anatomic landmarks in
approaching the hypoglossal canal
from an endoscopic endonasal
approach. B, Demonstration of
relationships between
nasopharyngeal structures and
posterior skull base structures with
the use of a 45° nasal endoscope.
ICA indicates internal carotid artery;
B, basilar artery; AICA, anterior
inferior cerebellar artery;
VA, vertebral artery; JT, jugular
tubercle; OC, occipital condyle;




RCA, rectus capitus anterior muscle;
blue rectangle, Rosenmüller’s fossa;
SCG and green circle, supracondylar
groove; and FM and yellow circle,
foramen magnum.
Figure 2. Sinonasal, Clival, and Craniovertebral Junction Exposure
Midline endoscopic image of nasopharyngeal dissection
and skull base resection prior to dural incision
A Midline endoscopic image of nasopharyngeal dissection
































With complete resection of the
sphenoid sinus floor, full visualization
of the middle and inferior clivus can
be obtained. After total
nasopharyngeal dissection, the
craniovertebral junction can be
appreciated. ET indicates eustachian
tube; SF, salpingopharyngeal fold;
TT, torus tubarius; OC, occipital
condyle; C1, first cervical spine bone;
ICA, internal carotid artery; B, basilar
artery; VBJ, vertebrobasilar
junction; Vert, vertebral artery;
SCG, supracondylar groove; VC and
blue rectangles, Vidian canal; and
FM and green circle, foramen
magnum.
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tween the lacerum segments of the ICA was 23.6 mm (SD, 11.8
mm) (Table). Defining the inferolateral border of the ap-
proach, the mean distance between the anterior-most edges of
the occipital condyles was 19 mm (SD, 0.80 mm). The mean dis-
tance between the nasopharyngeal orifices of the eustachian
tubes was 19.6 mm (SD, 3.29 mm). Next, distances in the ver-
tical axis were defined. The average distance from the floor of
the sphenoid sinus to the ring of the C1 bone was 32.8 mm (SD,
6.07 mm). Last, the average height from the nasal floor to the
superior aspect of the torus tubarius was 13 mm (SD, 2.5 mm).
The Eustachian Tube as a Landmark for Dissection
The supracondylar groove was related in the anterior-posterior
plane to the eustachian tube orifice in the nasopharynx, where
the distance between these structures on the anterior-posterior
axis was 26 mm (SD, 1.4 mm) (Figure 3). From midline, identified
as a plane perpendicularly bisecting the sphenoid rostrum ante-
riorly and basion posteriorly, the distance to the superomedial
edge of the torus tubarius was 9.8 mm (SD, 2.8 mm). Progress-
ing posteriorly, the distance from the posterosuperior edge of the
salpingopharyngeal fold to the anterior-most edge of the occipi-
tal condyle was 13.8 mm (SD, 0.82 mm) (Table). Prior to drilling
in the region of the hypoglossal canal, it was determined that the
superior edge of the torus tubarius lay in the same plane in the
anteroposterior axis as the jugular tubercle, thus demonstrating
where to drill in the transtubercular approach to the hypoglos-
salcanal(Figure3).19 Last,oncebothapproachestothecanalwere
completed,theaveragedistancebetweentheintraduralopenings
of the hypoglossal canals was 19.2 mm (SD, 5.5 mm).
Landmarks for Retroclival Intradural Exploration
First, the average height of the vertebrobasilar junction (VBJ)
above the foramen magnum was determined to be 21.6 mm
(SD, 4.92 mm) (Table). From the VBJ, the hypoglossal nerve
rootlets pierced the canal approximately 6 mm inferiorly and
8 mm laterally. Although difficult to quantify, the hypoglos-
sal nerve rootlets passed directly posterior to the vertebral ar-
tery and are in close proximity to the posterior inferior cer-
ebellar artery in the path to the canal. Additionally, the
relationship of the abducens nerve to the VBJ was observed.
From the VBJ, the mean distance to the origin of the abdu-
cens nerve was 3 mm inferiorly and 4 mm laterally.
Discussion
The hypoglossal nerve generally exits the brainstem as 2 nerve
bundles that travel an average of 11 mm to enter the intradural
opening of the hypoglossal canal, where they unite to form 1
nerve.1,29 Lesions and other pathologies involving the hypo-
glossal canal, ventromedial region of the foramen magnum, and
inferior clivus have been historically difficult to surgically man-
age given the proximity of other critical structures such as the
ICA, vertebrobasilar circulation, and lower cranial nerves.1 With
the advent of the EEA, surgical access to tumors involving the
ventral surface of the skull base was revolutionized and con-
tinues to progress as our understanding of the surgical anatomy
and operative technique continues to improve.11,16,17
Anatomical References in the Operative Approach
In this study, we were able to successfully characterize the EEA
to the hypoglossal canal through referencing anatomy of the
nasopharynx and craniovertebral junction. First, through re-
cording measurements of the operative window, we are able
to understand the limits of exposure in this approach. This is
particularly helpful when considering the relationship of the
Figure 4. Exposure of the Hypoglossal Nerve and Canal
Endoscopic image (45˚) of hypoglossal nerve rootlets
entering the hypoglossal canal

















A, Intradural exposure of the
hypoglossal nerve rootlets (cranial
nerve XII) entering the hypoglossal
canal through the view of a 45° nasal
endoscope. B, Demonstration of the
transcondylar and transtubercular
approaches to the hypoglossal canal
(cranial nerve XII). VBJ indicates
vertebrobasilar junction;
VA, vertebral artery; PICA, posterior
inferior cerebellar artery; CN XII,
cranial nerve XII (hypoglossal nerve);
TT, transtubercular approach;
TC, transcondylar approach.
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operative window to the size of the intended lesion that is being
approached. By considering the dimensions of the operative
window, it is possible to extend this window superiorly as nec-
essary into the middle clivus to assist in surgical resection. Con-
versely, with an idea of the area of the operative window, it can
be determined whether staged resection or combined ap-
proach would be more appropriate.
Second, it was noted that the supracondylar groove, an os-
seous landmark previously established by Morera et al,19 lay
in the same plane as the superior edge of the nasopharyngeal
orifice of the eustachian tube in the anteroposterior axis. By
noting the average distance from the posterosuperior edge of
the salpingopharyngeal fold to the occipital condyle in the an-
teroposterior axis, combined with the relationship of the eu-
stachian tube opening to the supracondylar groove, we are able
to fully relate the supracondylar groove to more anteriorly
based structures. Additionally, it was identified that the su-
perior limit of the torus tubarius lay in the same plane as the
jugular tubercle on the anteroposterior axis, which is particu-
larly important because this helps denote where drilling should
occur for the transtubercular approach to the hypoglossal ca-
nal. Next, by noting the average distance of the intradural op-
ening of the hypoglossal canal from both midline and the VBJ,
we were able to determine an approximate lateral distance to
guide in the drilling of the jugular tubercle to obtain view of
the canal. Given the proximity of the jugular bulb and CNs IX
through XI to the dorsal surface of the jugular tubercle, it is
vital to use knowledge of the approximate distances to the hy-
poglossal canal, along with the assistance of neuronavigation
and potentially Doppler and neural monitoring to prevent un-
intentional drilling through the jugular tubercle.
Third, we successfully identified the relationship of the VBJ
to the foramen magnum and internal orifice of the hypoglossal
canal. With these relationships in mind, we were able to iden-
tify where it was safer to open dura in the midline and minimize
risk of injury to vascular structures of the vertebrobasilar system.
Additionally, by identifying the distance of the internal orifice
of the hypoglossal canal from the VBJ, we are able to denote the
level of lateral exposure required to obtain view of the internal
opening of the hypoglossal canal, a critical step in approaching
lesions in the intradural, ventromedial compartment.
Clinical Considerations of the EEA to the Hypoglossal Canal
Historically, one of the most common complications of the
EEA was the high rate of cerebrospinal fluid leaks. The rate of
cerebrospinal fluid leaks has been dramatically reduced with
the introduction of vascularized, pedicled flaps, including the
nasoseptal flap.11,30-34 However, there are additional biome-
chanical and vascular factors that must be considered prior to
approaching the hypoglossal canal.
Biomechanically, there are implications of drilling the oc-
cipital condyle. Perez-Orribo et al35 investigated the biome-
chanical implications of ventral resection of the occiptocon-
dylar joint on the stability of the craniovertebral junction during
endoscopic endonasal approaches to the posterior skull base.
They concluded that craniocervical fusion is indicated in pa-
tients who undergo greater than 75% anterior condylectomy.
Of note, this study35 concluded that a larger degree of resec-
tion is acceptable from an anterior approach prior to consid-
ering craniocervical fusion compared with an earlier study36
that concluded that craniocervical fusion is indicated in pa-
tients who undergo greater than 50% posterior condylec-
tomy. In the study by Morera et al,19 it was noted that in rela-
tion to the condyle, the hypoglossal canal lies at the midpoint
of the condyle, meaning that no more than 50% of condylar
resection is expected to achieve access to the canal. How-
ever, it has also been noted that there are significant differ-
ences in the dimensions of individual occipital condyles and
locations of the hypoglossal canal. Given these differences, it
is crucial to always preoperatively assess these characteris-
tics on radiographic analysis.2 Prior to attempting the EEA to
the hypoglossal canal, it is important to understand the level
of condylar resection that is expected and always consider the
potential need for craniocervical fusion.
The vascular anatomy of the vertebrobasilar circulation
must be well understood if the ventral approach to the hypo-
glossal canal will extend into the intradural compartment. In
their study of computed tomographic angiograms, Ciappetta
et al37 demonstrated that the relationship of the jugular tu-
bercle and the posterior inferior cerebellar artery varies sig-
nificantly. Given that the occipital condyle and jugular tu-
bercle lie close to the VBJ, their relationship can be further
studied on preoperative computed tomographic angiogra-
phy to avoid inadvertent vascular injury. Thus, it is crucial to
appreciate the vascular anatomy before attempting the transtu-
bercular approach in the EEA to the hypoglossal canal.
Last, it is important to emphasize that while this ap-
proach provides direct surgical access to the ventromedial
brainstem and minimizes manipulation of the lower cranial
nerves and vascular structures compared with traditional ap-
proaches, thorough understanding of the neurovascular
anatomy in this location is critical to avoid devastating com-
plications if these structures are inadvertently transgressed.
Extensive preoperative planning and use of neuronavigation
should be standard practice in these operative scenarios but
should not supplant the surgeons’ anatomic knowledge.
Conclusions
The EEA to the hypoglossal canal provides a direct corridor
for approaching lesions involving both the hypoglossal canal
and the ventromedial space of the lower, lateral clival region,




Between lacerum segment of internal carotid
arteries
23.6 (11.8)
Between anterior edge of OC 19.0 (0.8)
From anterior aspect of the nasopharyngeal opening
of the eustachian tube to the supracondylar groove
26.0 (1.4)
From salpingopharyngeal fold to anterior edge
of OC
14.0 (0.82)
Vertebrobasilar junction above foramen
magnum
21.6 (4.92)
Abbreviation: OC, occipital condyles.
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and craniocervical junction. In approaching this region, ana-
tomic references of the nasopharynx, such as the eustachian
tube and torus tubarius, may provide useful reference points
to identify the occipital condyle and jugular tubercle when
creating corridors to the hypoglossal canal and inferolateral
clivus.
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